Introduction
RAS (>70% diameter reduction in angiography) in a patients angiography was carried out by means of intravenous (n=78) or intra-arterial digital subtraction population with severe arterial hypertension, and to discuss its suitability as a screening method.
angiography (n=91) (DSA). In 45 cases, the renal arteries were visualized within a coronary angiography. Positive or technically insuÃcient intravenous DSA Methods results were additionally investigated with intraarterial DSA. At angiography the renal artery diameter reduction Subjects (%DR) was calculated after measurement of the Over a 2-year observation period, all patients with normal (D) and the minimal diameter (d ) by %DR= severe hypertension who were to undergo renal artery (D-d )/D×100. According the angiographic findings angiography were evaluated with renal sonography the reductions of diameter >70% were assessed as and examination of intrarenal arteries by means of haemodynamically eÂective RAS irrespective of their duplex US.
localization, length or X-ray morphology. Patients Patients with chronic renal diseases, single kidneys, with atherosclerotic (n=43) and fibrodysplastic RAS or renal artery occlusion were excluded from the study. (n=10) were also taken into account in the study. Additionally, the colour duplex US tests were performed only if the heart rate was between 50 and B-scan US and colour duplex US 100/min and there was no arrhythmia. Examinations using colour duplex US and angiography techniques Colour duplex US examinations were performed by were performed at a maximum interval of 8 weeks.
two experienced observers prior to the angiography. A total of 214 patients (105 female, 109 male; All examinations were performed with a Toshiba SSA 53.2±14.1 years; minimum 16 years; maximum 84 270A (Toshiba, Tokyo, Japan; 3.75 MHz sector/curved years) were included in the study ( Table 1 ) .
array transducer) with the patient lying in the supine At least one of the following hypertension criteria position using a lateral or posterolateral approach. No was met: special measures were taken to improve sonographic test conditions. Following sonographic examination of ( 1) hypertension with diastolic blood pressure (BP) both kidneys in the B-scan mode, kidney size in the values Á110 mmHg ( before initiation of antihylongitudinal axis was determined. The intrarenal arterpertensive drug therapy); ies were visualized in the colour duplex mode. Settings ( 2) hypertension refractory to multiple drug therapy for the colour display were optimized individually. (diastolic BPÁ95 mmHg under a combination of Using imaging guidance of the colour signal, the three antihypertensive drugs); sample volume (3 mm) for the Doppler US test was ( 3) arterial hypertension in individuals younger than placed in at least three diÂerent positions within the 30 years; renal parenchyma ( Figure 1 ), the signals were regis-( 4) sudden deterioration in kidney function in associtered over at least three heart cycles from the interlobar ation with a known hypertension; arteries (wall filter 100 Hz). The Doppler frequency ( 5) hypertension in association with a sonographically spectra were analysed by the implemented measuring detected size diÂerence of the kidneys (>1.5 cm) ( 6) acute onset of hypertension or significant detoriation of pre-existing hypertension.
Angiographic reference methods
Angiography was used as 'gold standard' in the diagnosis of RAS and the Doppler results were compared with the subsequent findings on angiography.In all equipment and the following parameters determined: ted the main renal artery; no stenoses were observed in the region of an accessory renal artery. maximum systolic flow velocity ( V sys ), end-diastolic flow velocity (V dias ) and heart rate. The resistive index With all patients, it was possible to visualize both kidneys in the B-scan US and we obtained adequate ( RI ) was calculated according to the algorithm Doppler studies in all patients. Interlobar arteries in
various parenchyma segments of both kidneys could An average value of all determinations of the RI was be visualized within a test period of <20 min using calculated for each kidney. colour duplex US, and Doppler frequency spectra Blood pressure at the time of testing was not taken could be inferred for more than three heart cycles from into account. All tests were performed without refer-diÂerent renal parenchyma segments. ence to the use of antihypertensive medication. Figure 2 presents the typical duplex US findings in a patient with a left-sided RAS. The individual data for RI and DRI% of all patients are demonstrated in Duplex US stenosis criteria Figure 3 . In addition, B-scan and duplex US test results Duplex US diagnosis of a RAS was made on the basis are summarized in Table 2 . of the dampened downstream Doppler signal curves Sensitivities and specificities for diÂerent threshold recorded from the interlobar arteries. RAS causes a values of the RI and DRI% were calculated and the decreased RI in the intrarenal arteries of the eÂected ROC curves were constructed from these data kidneys ('pulsus parvus') [13,14,16 ].
( Figure 4 ). For the duplex Doppler diagnosis of RAS the followBy comparison of the diÂerent threshold values, the ing parameters were evaluated and compared retro-8% cut-oÂ point for the DRI% combined with the 0.45 spectivly with the angiographic findings:
cut-oÂ point of the RI yields favourable sensitivity and specificity for the Doppler method to select patients (a) individual resistive index (RI ) of each kidney, and with haemodynamically eÂective RAS ( Tables 3, 4 ). ( b) side-to-side diÂerences of the resistive indices Fifty-one (86.4%) of all 59 unilateral and bilateral (DRI ) between the right and left kidney, indicating RAS were identified correctly using the above cut-oÂ a RAS on the side with the relatively lower RI.
values for RI and DRI%. In seven (4.3%) of 161 The DRI% was calculated by the following patients positive duplex US tests were found, while the algorithm:
main renal arteries appeared normal in the angiogra-DRI%=100*(RI max −RI min )/RI max phy ( Table 3 ) . ( RI max : RI of the kidney with the higher RI; Using the above threshold values bilateral RAS were RI min : RI of the kidney with the lower RI ). diagnosed in four of six patients. In these patients bilateral RAS were detected on the basis of the proDiÂerent threshold values for RI (0.40, 0.45, 0.50) and nounced bilateral reduction in RI values <0.45. In DRI% ( 5-11%) were tested in receiver operating char-two patients bilateral RAS were overlooked on the acteristic ( ROC ) analysis to compare their diagnostic basis of our Doppler US criteria. eÃcacies in detection haemodynamically eÂective RAS.
In one 25-year-old patient, the right kidney was The study was not aimed at a complete visualization supplied by two arteries both of which showed a >70% in the Doppler sonographic examination of the main stenosis indicating a fibrodysplasia. The left main renal renal arteries. >70% located before the branching of the renal arteries
into the segment arteries. All unilateral stenoses aÂec- parenchyma segments of the right kidney. The RI was of the RI of intrarenal vessels. Intra-arterial DSA or conventional angiography was used as reference techDoppler criteria: DRI>8% and/or RI<0.45 in the detection of renal nique in 136 patients including all patients with RAS.
artery stenosis ( prevalence of RAS: 24.8%).
Intravenous DSA, which is considered inappropriate in the diagnosis of moderate RAS or stenosis in renal reduced to 0.30 in the cranial and middle region of the vascular variants, was accepted as reference in 78 left kidney. In the caudal segment, which was supplied patients with technically suÃcient investigation. by the accessory pole vessel, the RI (0.52) was in the Patients with arterial hypertension caused by chronic normal range.
renal failure were excluded from the study. Our study shows an RI variation of between 0.47 and 0.90 for an interindividual comparison of nonDiscussion stenosed kidneys. The intraindividual lateral comparison shows only a small diÂerence in the RI for the two kidneys (0.02±0.02). Age-dependent changes in Previous studies have shown that duplex US can be used to detect stenoses of the renal arteries directly vessel elasticity [20] , heart rate and cardiac factors [21] [22] [23] are documented as influencing variables for from the accelerated blood flow in the stenosed vessel segment. Apart from qualitative signal modifications the interindividual variance.
In the present study the Doppler sonographic dia-(spectral broadening of the Doppler frequency band, high systolic and diastolic Doppler frequencies, post-gnosis of a RAS rests on detection of an intraindividual, significant reduction of the ipsilateral RI exceeding stenotic flow turbulence, colour aliasing), a raised systolic velocity in the stenotic vessel segment is given diÂerent tested threshold values (>5-10%) by comparison with the contralateral kidney or significant reducas diagnostically indicative [4, 7, [17] [18] [19] .
However, results for duplex sonographic diagnosis tion of the ipsilateral RI to less than 0.45. This relative method of observation ensures that haemodynamic of RAS produced contradictory findings, due to various technical modifications, variable test regimes and factors which aÂect only the unilateral kidney and which are responsible for the interindividual variance evaluation parameters. In particular, the method demands ideal sonographic test conditions, which are of the RI are detected. By comparison of the diÂerent threshold values in a ROC analysis, the cut-oÂ point limited by frequent air overlapping of the abdomen and adiposity. Frequent vessel variants of the reno-of 8% yields favourable sensitivity ( 92.5%) and specificity results (97.5%) for the method of detecting >70% vascular flow path (accessory arteries, aberrant arteries) can seldom be detected by duplex US. Finally, RAS. Using our Doppler US criteria moderate RAS (∏70%) may account for some false positive US test duplex US and colour duplex US require long examination times for a complete visualization of the main results in our study.
In an angiographically-controlled study Schwerk renal arteries, even when suÃciently experienced staÂ are used, apparently limiting the suitability of duplex et al. [14 ] have shown that lateral comparison of the resistive indices is suitable for duplex sonographic US as a practical screening method [4, 10] . As compared to conventional duplex US, colour duplex US detection of stenoses. The authors demonstrated a correlative relationship between Doppler sonographic facilitates visualization of the renal vessels. However, the available studies indicate no superiority of this and angiographic findings. RAS >50% show significant lateral diÂerences (DRI%>5%) as compared to method for the direct detection of RAS [9, 10] .
Several researchers have examined the indirect detec-resistive indices with unilateral RAS. Because of the frequency of bilateral RAS, the tion of a stenosis by means of duplex US of intrarenal arteries as a technical modification of the test [12] [13] [14] [15] . duplex US method has to be adapted by introducing additional criteria for the detection of bilateral changes
In a recently published study the combination of intrarenal and extrarenal Doppler scanning has in the renal arteries. Since the absolute RI values of the interlobar arteries were also reduced in the majority acquired considerable importance as a screening method for the diagnosis of both moderate and severe of angiographically detected RAS, this fact was exploited in the present study as a supplementary RAS [24 ] .
In addition, newer data suggests that the application stenosis criterion to detect bilateral RAS which have led to pronounced intrarenal perfusion disturbances of the captopril test to renal Duplex ultrasonography increases the sensitivity in detecting renal artery stenon both sides. By including RI values<0.45 as a supplementary stenosis criterion we were able to dia-osis by inducing the pulus tardus distal to significant stenosis [25, 26 ] . This may provide further pathophysignose bilateral RAS in four of six patients.
False positives with low RI on both sides must be ological informations, which are useful and eÃcient for identification of patients with renovascular expected, especially with young patients or in cases of tachycardia, where reduced resistive indices are meas-hypertension. ured [21, 22] . Diagnosis of a bilateral RAS should therefore be approached in a critical spirit, taking the eÂective influencing variables into account.
